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Abstract. Modeling is one of the important methods for studying various 
natural and social processes, including human activities. Optimum modeling 
of pedagogical training as a type of socially important activity serves to 
ensure the flexibility and effectiveness of this type of activity. The article 
discusses the types, content, stages of implementation, and factors 
determining the effectiveness of modeling future teachers' pedagogical 
training. Key words: model, modeling, pedagogical modeling, model 
concept, strategy, conceptuality, functionality, optimality, design. 

1 Introduction

Globalization and socio-economic integration in the world, high-speed development of 
modern science and technology, along with wide penetration into human daily life and 
production process, require unique deep knowledge and training from users. The problem of 
personnel training that is adequate to the constant changes in the socio-economic sphere puts 
the modeling of the pedagogical training process as an important issue on the agenda. Today, 
foreign pedagogic scientists are conducting a number of studies on pedagogical modeling 
based on the modern requirements for personnel training. The pedagogue's ability to design 
and model the educational process in a simple and compact manner is a very important issue 
for instilling in the minds of students a large-scale set of information on pedagogical, 
psychological and methodical training necessary for future teachers during a very short 
period of pedagogical education. 

Modeling the professional training of future teachers also serves to ensure compliance 
with the requirements for the level of training of personnel today. In general, the question 
arises as to what is the modeling of the pedagogical process and how it is implemented. 

2 Materials and methods

A model basically means a system or a complex concept that reflects the features of the 
research object that is presented or implemented for demonstration, and it helps us to get 
more accurate information by partially filling the place of the object. In a broad sense, a 
model is an image or analogue (imaginary or conventional: image, description, scheme, 
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drawing, graph, plan, map, etc.) of an object, process or phenomenon, used to replace the 
"original" object. This model represents the main components of the object (process, event 
or situation) and their interrelation in a schematic form. 

By combining empirical and theoretical perspectives with the help of the modeling 
method, there is an opportunity to organize experiments, logical structures, and processes of 
creating scientific abstracts in the process of studying a pedagogical object. Creation of a 
meaningful model reflects the behavior of the phenomenon or process that is the object of 
research, the laws of internal communication and allows to study. 

There are different types of models used in the process of scientific research, and they are 
used according to the purpose. 

Structural-functional modeling method is widely used in the modeling of pedagogical 
processes. In such modeling, the research object is studied as a whole system, and there is an 
opportunity to get information about the object's components, internal relationships, 
elements, components. The elements of the system are connected on the basis of mutual 
structural dependence of the tasks solved on the basis of mutual logical sequence. 

As a result of research conducted by N.A. Kozirev and O.A. Kozireva, the term 
"pedagogical modeling" is defined as follows: Pedagogical modeling is a type of activity of 
a teacher in which he successfully defines, clarifies, completes, systematizes, transforms 
(changes), processes the necessary model of pedagogical activity that provides the possibility 
of isolating adaptive (adaptive) or acmeverified (tested) information about a certain 
component or their combination. and so on. Modeling to the teacher in the achievement of 
goals and tasks based on pedagogical interaction and communication, learning, research, 
detailing, systematization, classification, programming, education, adaptation, socialization, 
correction, self-education, self-awareness within the framework of established principles, 
limitations and opportunities. it allows to determine the optimal working mode by performing 
functions [1]. 

In pedagogical research, the model reflects a system of elements that allows processing 
the participants of the pedagogical process, their activities, pedagogical relations, tasks and 
conditions. 

As A.M. Semyonova wrote, "A well-built model has a very important feature: its study 
helps to collect new information about the original object" [2; pp. 98-102]. 

From the analysis of this definition, it can be concluded that the model of professional 
training of future teachers creates an opportunity to manage the process of pedagogical 
education, to determine optimal management methods based on specific goals and criteria, 
to estimate the direct and indirect results of the used methodology, to technologicalize the 
process of professional training of future teachers based on pedagogical principles [ 2; pp. 
98-102]. 

When creating a model, it is important to consider its following features: 
1. Adequacy - the model must be suitable and similar to the original object of which it is 

a prototype or example. 
2. Completeness - the model is required to reflect the original object with complete 

features. 
3. Simplicity - the model should reflect only the important aspects of the object. 
4. Completeness - it is important that the important aspects of the object are fully reflected 

in the model. 
5. Approximation - the real situation should be represented approximately in the model. 
6. Mobility - the model should be convenient for use in different situations and places. 
7. Informativeness - it is important to use all information about the system when creating 

a model. 
8. Scientific conceptuality - when creating a model, it is necessary to first develop a 

scientific concept of the problem and rely on it. 
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Prognostic modeling in the modeling of pedagogical processes - in order to optimally 
allocate the necessary resources for the process; conceptual modeling based on theoretical 
information and action program; strategic modeling, which reflects the process or activity, 
tools, teaches teachers to use educational methods and tools correctly, and includes the 
sequence of actions; diagnostic modeling, which includes feedback analysis and a 
mechanism for correcting errors that may be encountered on the way to the result; types such 
as reflexive modeling, which are used to make the right decision in unexpected situations, 
are widely used. 

Implementation of pedagogical modeling takes place in the following stages: 
Stage 1: development of the modeling concept; 
Step 2: defining the parameters of the model and creating the model; 
Stage 3: conducting an experiment (in the laboratory or in natural conditions); 
Step 4: analyzing the results of the experiment. 
Step 5: putting the collected data into practice. 
The qualitative and appropriate application of the information obtained as a result of 

pedagogical modeling in practice depends on the following factors: 
✓ clear description of the object and results in terms; 
✓   preparation of a high-quality model that allows solving the problem defined by 

the researcher; 
✓   selection of optimal methods of studying the model; 
✓    scientific and accurate interpretation of the obtained results. 
The advantage of using the modeling method in the pedagogical process is that in this 

process the system can be studied as a whole or partially. The researcher selects the parts that 
interest him and separates them from other parts. One object can have several models, each 
of which reflects its own characteristics.  

The model of professional-pedagogical training of future teachers will have the following 
directions: 

- implementation of pedagogical training; 
- implementation of psychological preparation; 
- launching methodical preparation; 
- development of a virtual self-study system. 
Modeling the process of professional training of future teachers allows to effectively 

organize the system of providing the pedagogical process with qualified specialists. 
Mathematical and statistical analysis of results obtained from pedagogical 

experiments 
In the course of our research on modeling the process of pedagogical preparation of future 

teachers in the higher education system, models of pedagogical, psychological and 
methodical preparation of students for the educational process were developed. Based on the 
implementation strategy of these models, we tested the methods of organizing lectures, 
practical training, independent education and research activities during the pedagogical 
experiment. 

During the organization and conduct of the pedagogical experiment, attention was paid 
to solving the following main tasks: 

1. 5111700- Primary education and sports training course in higher education institutions, 
studying and summarizing theoretical information on the formation of pedagogical, 
psychological and methodical preparation of future primary school teachers in the 
educational process based on the study of DTS and qualification requirements, curriculum, 
science programs and educational literature. 

2. Determining the opportunities of the pedagogical education process to prepare students 
for professional activities. 

3. Organization of lectures and practical trainings from the system of pedagogical, 
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psychological and methodical sciences in the higher education process, implementation of 
professional reflection during pedagogical practice, development of methods for establishing 
the process of students' work on themselves in the independent education system. 

4. Development of criteria for formation of pedagogical training of future primary school 
teachers, determination of levels and indicators of development of professional training. 

5. Testing of the developed methodology for teaching pedagogical, psychological and 
methodical subjects in higher education institutions selected for the pedagogical experiment. 

6. Determining the level of effectiveness of the developed methodology for modeling the 
pedagogical training of future primary school teachers and mathematical-statistical analysis. 

At the initial stage of experimental work, we determined the level of pedagogical skill 
acquisition, psychological preparation and methodical preparation of students in both 
experimental and control groups. 

At the beginning of the experiment, in order to determine the level of students' mastery 
of pedagogical skills, we created questionnaire questions using I.V. Zvereva's questionnaire 
questions aimed at the pedagogue's work on himself and evaluating his own performance [3-
5] and based on the students' answers to the questions, we determined the formation of 
pedagogical skills in them at the following four levels: 

Systematic modeling level - the teacher can systematically model the knowledge system 
of science, his activity; 

Partial modeling level - the teacher can apply the knowledge known to him in new 
situations, at the same time he can present the knowledge of some problems by modeling; 

Adaptive level - the teacher, along with conveying information known to him, can apply 
this information in a new situation; 

Reproductive level - the teacher can convey only the information he knows to the students 
without changing it. 

Before the experiment, questionnaires were administered to each of the experimental and 
control groups. The answers given by the respondents were evaluated and the accumulated 
points were graded as follows: 

High - systematic modeling level - from 61 points to 80 points;
Good - partial modeling level - from 41 points to 60 points;
Medium - adaptive level - from 21 points to 40 points;
Low - reproductive level - from 0 points to 20 points.
At the beginning of the experiment, based on the scores of the students in this direction, 

it was determined that the levels of their pedagogical skills are as follows. 
For the purpose of comparative study, we summarize the data obtained at the beginning 

and end of the experiment in the following table: 

Table -1. Comparative data at the end of the experiment 

Groups  High level Good level Middle level Lower level 
EG (at the 
beginning of the 
experiment) 5,2 17,7 38 39,1 
EG (at the end 
of the 
experiment) 17 35 41,5 6,5 
CG (at the 
beginning of the 
experiment) 5,3 17,4 38,3 39 
CG (at the end 
of the 
experiment) 8,9 24,6 39,5 27 
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At the beginning and end of the experiment, we will show the comparative analysis of the 
levels of learning of the students of the experimental and control groups in the following 
diagram: 

 

 
Fig. 1. Comparative analysis of experimental results. 

Student's selection criterion, K. Pearson's compatibility criterion, and Laplace function 
were used in the mathematical-statistical analysis of the obtained numerical data. 

If we take the results of the evaluation in the experimental and control groups as samples 
1 and 2, respectively, we will have the following variation series: 

Table-2. Evaluation results in the experimental and control group 

Selective-1 

Experimental 

group 

Xi High Medium Low Total 

ni 78 82 11 171 

Selective-2  

Control 

group 

Yj High Medium Low Total 

mj 30 64 73  167 

 
We calculate the mastery level based on the following formula: 

3

1

1 1 1 751(78 5 82 4 11 3) (390 328 33) 4,39
171 171 171i i

i
X n X

n =

= =  +  +  = + + =    

Percentage      
4,39% 100% 87,8%

5
Х =  =  

3

1

1 1 1 625(30 5 64 4 73 3) (150 256 219) 3,74
167 167 167j j

j
Y n Y

m =

= =  +  +  = + + =   
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Percentage      3,74% 100% 74,8%
5

 =  =  

The average mastery in the experimental group is 13 higher than the mastery in the 

control group (87.8–74.8). This, in turn, 87,8% 1,17
74,8%

= means double excess. 

Therefore, the average mastery in the experimental group is higher than in the control 
group:  . 

We calculate the dispersion coefficients for both groups. For this purpose, we first 
calculate sample variances: 

2 2 2 23

1

( ) 78(5 4,39) 82(4 4,39) 11(3 4,39) 0,3669
1 171

i i
x

i

n x XS
n=

− − + − + −
= = 

−  

2 2 2 23

1

( ) 30(5 3,74) 64(4 3,74) 73(3 3,74) 0,5505
1 167

j j
y

j

m y Y
S

m=

− − + − + −
= = 

−  

 
Standard errors: 0,3669 0,61XS =  .    0,5505 0,74YS =   
 
Based on these, we calculate the variation indicators for both groups: 
 
Thus we calculate via equations Cх  and  Cу : 

0,61 100% 61% 61%100% 1,06%
13,07 4,39 57,3773171 4,39

x
x

SC
n x


=  =  = 

 
 

0,74 100% 74% 74%100% 1,53%
12,92 3,74 48,3208167 3,8

y
y

S
C

m y


=  = = = 
    

 

 
Both error rates are well below the 5% margin considered possible. This means that the 

experimental work has been completed satisfactorily. 
Now we test the hypothesis  that the theoretical means of the two 

statistical samples are equal using Student's test. For this purpose, we calculate the 
appropriate statistics: 

, 2 2

4,39 3,74 0,65 9,28
0,070,3669 0,5505

171 167

n m

X Y

X Y
T

S S
n m

− −
= = = 

++

 

The 95% critical point of Student's criterion is the true value of the statistic
 sufficiently greater than: 

( ), 9,28 1,96 0,95n m kpT t=  =         

Therefore, we can reject the hypothesis , taking into account the relationship YX 
, that is, the average mastery of the test group , that the average mastery will always 
be greater than the previous mastery. 

Based on the Student's criterion, we calculate the degree of freedom using the following 
formula: 

%

X Y

YX aaH =:0

( ) 96,195,0 =kpt

0H

yx aa 

6

E3S Web of Conferences 538, 05043 (2024)	 https://doi.org/10.1051/e3sconf/202453805043
IPFA 2024

RETRACTED



222 2

2

2 2 2 2 22 22

0,3669 0,5505
(0,00214 0,00329)171 167 320,0

(0,00214) (0,00329)0,3669 0,5505
170 166171 167

170 1661 1

yx

yx

SS
n m

k
SS
mn

n m

   +  +    +   = = = 
       +           +   +

− −

 

if we take the significance level of the statistical sign for this probability to be  = 0,05, 
then р=1-=0,95  and the degree of freedom is equal to k =320,0. The critical point of the 
binomial criterion from the Student's function distribution table: 

(1 ) (1 0,95) 0,9751 1
2 2

( ) (320,0) (320,0) 1,96pt k t t− −
− −

= = =  

Therefore, according to the above calculations, 0,9759,28 (320,0) 1,96T T=  =  there 

is no reason to accept the hypothesis Н0, so the hypothesis Н1 is accepted. It can be seen that 
our experimental group studies were statistically more effective than the control group 
studies. 

 
Finally, we use Pearson's test to test the hypothesis  that the distribution 

laws of our and  statistical samples are equal. 

.
)(1

1

2
2
, 

= +
−




=
k

i ii

ii
mn mn

NmMn
MN

X     

For this purpose, we will make the following table: 

Table-3. Summary of the results of the experimental and control group 

                Grades 

Groups  
5 4 3 

  Experimental group 106 128 18 

Control groups 65 104 79 

 
We calculate the Pearson statistic: 

2 2 2
2

,
1 (78 167 30 171) (82 167 64 171) (11 167 73 171) 69,28

171 167 78 30 82 64 11 73n mX
  −   −   − 

=  + +   + + + 
         

The degree of freedom of the Pearson criterion is 1 less than the number of points: k=3-
1=2, which is the 95% critical point corresponding to k=2. 

But, ( )2
, ,69,28 5,99 0,95n m k pX Z=  =  

 Therefore, hypothesis K is also rejected. This proves that the difference in teaching 
methods in the experimental groups and the control groups is not accidental, but legitimate 
and always increases the mastery rates. 

  Now we find reliable deviations to determine the performance indicator of the 
evaluation: 

in the experimental group, equals to 

yx FFK =:

iX iY

( ) 99,595,0 =kpZ
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0,61 0,61 1,19561,96 1,96 0,09
13,07 13,07171

x
x

St
n =  =  =  =   

and in the control group: 

0,74 0,74 1,45041,96 1,96 0,11
12,92 12,92167

y
y

S
t

m =  =  =  =   

If we find a confidence interval for the experimental class from the results found: 

      
n

StХа
n

StХ x
крх

x
кр +−  

 4,39 0,09 4,39 0,09xа−   +                     4,30 4,48ха   
confidence interval for the control class: 

     
n

S
tYа

n
S

tY y
крy

y
кр +−  

 3,74 0,11 3,74 0,11yа−   +          3,63 3,85уа   
From this, it can be said with a significance level of x = 0.05 that the mean score in the 

experimental group is higher than the mean score in the control group and the intervals do 
not overlap. So, based on the mathematical-statistical analysis, it turned out that a good result 
was achieved. 

Based on the above results, we calculate the quality indicators of experimental work. 

We know = 4,39; =3,74; 0,09; 0,11x y =  = .  
From this, the teaching effectiveness indicator is determined as follows: 

( ) 4,39 0,09 4,30 1,12 0;
( ) 3,74 0,11 3,85

x
усб

y

XK
Y
− −

= = =  
+ +  

We calculate the level of knowledge with the following formula: 
( ) ( ) (4,39 0,09) (3,74 0,11) 4,30 3,63 0,67 0;бдб x yK X Y= − − − = − − − = − =   

 
From the obtained results, it can be seen that the criterion for evaluating the effectiveness 

of teaching has a value of one, and the criterion for evaluating the level of knowledge has a 
value of zero. It is known that the mastery of the experimental group is higher than that of 
the control group. 

The results of the experiment-testing conducted during the research indicated the 
effectiveness of the educational methodical support and the theoretical and practical, 
independent training sessions conducted on the basis of the methodology in order to train 
future teachers through the formation of communicative competence. The effectiveness of 
experimental work conducted in higher education institutions was proven mathematically 
and statistically. 

3 Conclusion

In the system of professional activity in society, the teaching profession has an important 
social value. After all, the teacher performs an important social task as an educator of the 
future generation. The teacher educates the young generation from a spiritual and moral point 

Х Y
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of view, teaches the right attitude to nature and society, independent thinking, principles of 
development, first of all, he prepares pupils and students for work skills, choosing a 
profession, theoretically and practically preparing for it. This responsibility requires the 
teacher to be the owner of pedagogical skills, to have psychological and methodical training. 
Also, having a positive influence on students and young people, mastering the methodology 
of comprehensive development of the interest, desire, ability, faith and practical skills of 
young people, and being able to make optimal and original decisions in different situations 
requires. For this, the teacher must have excellent pedagogical training. 
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